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Effects of magnetized water on growth, photosynthesis and nutrient uptake
of cucumber seedlings under different soil moisture contents

CAI Minglei', LI Yangyang®, FAN Jun’
(1. College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China;
2. State Key Laboratory of Soil Erosion and Dryland Farming, Institute of Soil and Water Conservation,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; A two-factor and two-level complete experimental design was adopted to study the effect of magneti-
zation treatment ( magnetized distilled water with 0.3T magnetic field intensity and distilled water) on the growth,
water relation, photosynthesis, and nutrient uptake of cucumber seedlings under different soil moisture contents
(normal water treatment; soil moisture at 80% ~85% of field water holding capacity; drought treatment; soil mois-
ture at 40% ~45% of field water capacity, and maintained at this level for 7 days at the 4~5 leaf stage of cucum-
ber) under sand culture condition. The results showed that magnetized water application significantly decreased
stem diameter, aboveground biomass, root biomass, total biomass, root volume, and root surface area of cucumber
seedlings by 6.7%, 8.9%, 19.1%, 9.9%, 22.1%, and 18.5%, respectively, and whole-plant water consumption
and water use efficiency of cucumber seedlings by 6.2% and 10.9%, respectively. Magnetized water treatment re-
duced leaf SPAD value of cucumber seedling by 3.7% , increased leaf stomatal conductance and transpiration rate
by 21.8% and 17.5%, respectively, and decreased instantaneous water use efficiency of the leaves by 17.7%, but
had little effect on the net photosynthetic rate. Magnetized water treatment resulted in 5.2% reduction in the maxi-

mum photochemical efficiency and 18.6% decrease in PSII electron transfer rate. Magnetized water treatment in-
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creased the K content in the leaves. Although magnetized water treatment significantly increased the K content in

the leaves of cucumber seedlings under drought stress, but had little effect on most plant growth and physiological

parameters. The results suggested that the application of magnetized water on cucumber seedlings was dependent on

soil moisture conditions.

Keywords: cucumber seedlings; magnetized water irrigation; drought; growth; photosynthesis; water status;

nutrient uptake
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&1 AEAEEHENAM EBEKSY
Table 1 The growth parameters of cucumber shoots under different treatments
QbR KR/ cm ZEH/mm B/ em? M AEYE/e  WRAEYR/ ¢ BAEYIR/ e MR E
Treatment Height Stem diameter Leaf area Shootbiomass Root biomass ~ Total biomass Root/Shoot
™ 59.8+4.0a 7.4+0.1a 1417.5+49.0a 9.46+0.48a 1.14£0.03a 10.60+0.51a 0.12+0.00a
TD 46.8+1.5b 7.0+0.1ab 1213.0+29.0b 7.44+0.28b 0.85+0.03b 8.29+0.25b 0.12+0.01a
MW 53.6x4.7ab 6.6+0.2b 1258.1+28.0b 8.03+0.29b 0.85+0.08h 8.88+0.37b 0.11+£0.01a
MD 49.9+3.2ab 6.8+0.1b 1265.1+44.9b 7.37+0.20b 0.76+0.04b 8.13+0.21b 0.10+£0.01a
Jr 2245381 Analysis of variance

EACAL IR MT ns ok ns * * * #

KAFAEE WT ¢ ns * % o o ns

L HAEH MTXWT ns # ® # # * ns

T R PR A P e briE R . ISR R)/ING FRERR AN I AL B 22 52 .35 (P<0.05) o ns #, * Fll = * 3 HIRR A LE (P>0.1) |
FHIE W5 (0.05<P<0.1) ZER B (P<0.05) MIZERM B (P<0.01) , T,

Note: The data in the table are mean + SEs. Different lowercase letters in the same column indicate significant differences between different treat-

ments (P<0.05). ns, #, *, and * * represent insignificant ( P>0.1) , nearly significant (0.05<P<0.1), significant ( P<0.05) and extremely signifi-

cant (P<0.01), respectively. The same below.

R2 ARLEENMHRERSH

Table 2 The growth parameters of cucumber roots under different treatments

Ak MR/ em A em® M/ m WEWH/m> AR/ (m - g") WRERIHR (m” - g™")
Treatment Root depth Root volume Root length  Root surface area  Specific root length  Specific root surface area
™ 60.5+5.4a 24.06+2.22a 276.5+17.2a 0.29+0.02a 243.0+14.9b 0.25+0.01a
TD 52.9+1.3ab 18.52+0.70b  265.4+23.9ab  0.25+0.02ab 310.3+20.0a 0.29+0.01a
MW 52.8+3.1ab 18.15+2.15b  261.0+26.4ab  0.24+0.03 ab 306.3+11.1a 0.28+0.01a
MD 46.3+1.9b 15.00+1.62b 206.4+13.4b 0.20+0.02b 271.8+18.9ab 0.26+0.02a
F7 245381 Analysis of variance
AL AL EE MT # * # * ns ns
Ko AbEE WT # * ns * ns ns
A HAEH MTXWT ns ns ns ns k% *
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31.8%F1 20.2% ( P<0.05) , M-I i 7K 43 ) FH 28 6
1§17.2% ; T 540 BT, B Ak 4b B (MD) HeAEREAL
JKALFR(TD) M- F v SPAD B 54K 2.0% , S FL S B
FIZRIEEA 53 IR N 9.4% Fl 14.3% , -k i 7K 43 ]
JFHALREFEAR 18.0% , Tk Ak /K A FRAE 1E 5 7K 43 38

S FEMEBERWUNERTTRT, #ik
KRN Ah BT TN o A5 TR ()5 e B4 B 3
FeA R e ALK R G ALK AR BRI SPAD {H
A R A Z IR EER

T Ak K A 3L 2 B ARG i I PS 1T s Kotk
B (Fo/Fm) FOGA T L3888 (ETR) (P<
0.05) , T 5B XF 2 S S 800T0 ik 3 52 M, — 35 I 28
HAERA Fo/Fm f520 4258 53 (0.1<P<0.05)
(5), IEH KL BRS04 R wE ALk ib
TR Fo/Fm 38K WAk 7K 40 3853 501 BEAK 9. 0% Fil
1.3% ,ETR 73 SEAK 22.7% 1 14.1% , BEAL K AE TE 8
K5y FHAR Fo/Fm F1 ETR BORRRETER, FEMHA T,
REAK IR REAL K AL BRI DO SO L 3 22 5, R
BB A KOG T 2iE R I O AR AN R

x3 FRELEEMAIM KSR FIEERR K S F

Table 3  Leaf water status and whole plant water use in different treatments of cucumber

MBI

MoK IS

A "okg Osmotic potential Hydraulic conductance BRI ARIPRIACE
Treatment Water potential/MPa ; /Mrfj’a /( mm}(l)l cm? s MPa) Water use/kg WUE/ (g « kg’l )
T™W -1.72+0.07b -0.53+0.05a 3.49+0.65a 1.88+0.01a 2.42+0.12a
TD -1.80+0.07he -0.66+0.06a 3.32+£0.92a 1.19+0.05b 2.61+£0.02a
MW -1.48+0.01a -0.54+0.04a 4.11+0.85a 1.66+0.04a 2.03+0.05b
MD -2.01+0.02¢ -0.66+0.05a 3.06+0.81a 1.22+0.04b 2.45+0.04a
J7 22501 Analysis of variance
WAL AL EE MT ns ns ns *
FEA WT 5 % * ns s
A HAEH MTXWT * ok ns ns ns ns
x4 AEAEERHEEESH
Table 4  Photosynthetic parameters of cucumber leaves under different treatments
Qb SPAD IEED et AL R ZEME R R 7K 43 2
Treatment ’ Pn/(pmol + m™2 + s71) Gs/(mol » m™2 - s7") E/(mmol + m™ +s™')  Pn/E/(umol + mmol™!)
™ 35.42+0.33b 17.48+0.34a 0.66+0.04b 11.21+0.31b 1.57+0.04bc
TD 37.31+£0.32a 18.08+1.07a 0.53+0.06¢ 9.29+0.90c 2.05+0.14a
MW 33.44+0.58c 17.40£0.97a 0.87+0.04a 13.47+0.28a 1.30£0.10c
MD 36.56+0.80ab 17.71£0.97a 0.58+0.04bc 10.62+0.51bc 1.68+0.05b
J72250HT Analysis of variance
HEALAL 3 MT * ns * % *
KAT4bEE WT * % ns * % *
AEHAER MTxWT ns ns # ns ns
x5 AREAEERMNMHERESH
Table 5 Fluorescence parameters of cucumber leaves under different treatments
s PS Il iR I Ea% Pl RE N (3 &S oAl AR R R e TE K R R
Treatment Fv/Fm ETR/(pmol - m™ « s71) qP NPQ
™ 0.78+0.003a 69.14+3.48a 0.37+£0.019a 2.27+£0.04a
TD 0.75+0.017ab 61.92+3.19ab 0.38+0.011a 2.28+0.09a
MW 0.71+0.026h 53.45+0.76b 0.37+0.004a 2.09+0.20a
MD 0.74+0.012ab 53.21+3.59h 0.36+0.017a 2.37+£0.09a
J7 2508 Analysis of variance
ALK T MT * R ns ns
KA Ab 3 WT ns ns ns ns
L HAEH MTXWT # ns ns ns
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AL TEE K X B 1 JREE 5 SRR A 50
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AR A SRR F AT 6 05 X 120 A i g 22y
AT A (0 R S A B L
PR DA B SR AL B FIAR 2R A K 3 Ve
4 RHIRSE A I AR AR K T B AR K g 40 7 T T
R SREIL AR E A AR MR AR AT (£
2,3 3) WA Kb BREA S N R DS R
&, TG kD, BRI 9 A 4 52 B, FEAR
FRAWISCRE T TR SR RRAE ) AR 32 B
3.2 WELKXE KM KSR & BN

ARG, WAL K IR B K B S

PHFERK T T HRRAR T B AR FE /K 5 Rk 43
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FIHE T 7K A3 A 7= R i vy, T 238 25 ARSI
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RIREAR 9 K Kb B 7K 43 )R 80338 hn 5L S AR K
RN, XL 5 R AT IR L5 R AR —B, AR
H REA K A BE S SO AL R B R 2 I e
i, AEL R R A K TS E0AY I e AR D R S
FEIEH KT RIS bR AR K AR R G, h T REfE
TR AL X G TR e N K T B0 I i 8
%, BRI Ik R 7K 43 R A8CR 38 0, 3X 5 Sadeghipo-
wr PFEHIT A4 R—E, WE AR K ] TR AR
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Table 6 N, P and K content of cucumber seedlings in different treatments

b g N P K
Treatment I Leaf Z£ Stem # Root M Leaf Z£ Stem 1 Root M Leaf 2% Stem # Root
W 0.83+0.04a 0.57+0.0lab 0.84+0.05a  0.24+0.0la 0.32+0.03a 0.19+0.02a  0.85+0.02b 4.60+0.08a 2.03+0.27a
D 1.1420.05a 0.71+£0.02ab 0.88+£0.02b  0.29+0.00a 0.33x0.02a 0.19+£0.01bc  1.08£0.03b 5.10+0.09a 1.69+0.29b
MW 0.82+0.03b 0.57+0.03b 0.78+0.02b  0.25+£0.0la 0.32£0.02a 0.16+0.0lc  0.86+0.03b 4.79+0.17a 1.35+0.18b
MD 1.2£0.13a  0.78+0.05a 0.98£0.09b  0.3x0.02a 0.38+0.02a 0.23+0.04b  1.50+0.21a 5.20+0.27a 1.60+0.38b
F7 70T Analysis of variance
WEACALER MT ns ns ns ns ns ns # ns ns
IKATALER WT * % ® % * . ns ns * % * ns
AEHAEF MTXWT ns ns ns ns ns ns # ns ns
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